ABSTRACT: Balancing growth and reproductive performance in beef cattle managed in desert environments is challenging. Our objectives were to 1) evaluate trends in growth and reproductive traits, and 2) assess associative relationships between growth characteristics and reproductive performance in a Brangus herd managed in a Chihuahuan Desert production system from 1972 to 2006. Data were from bull (n = 597) and heifer calves (n = 585; 1988 to 2006) and cows (n = 525; repeated records of cows, n = 2,611; 1972 to 2006). Variables describing the growth curve of each cow were estimated using a nonlinear logistic function (each cow needed 6 yr of data). Mixed-effect models and logistic regression were used to analyze trends across years in growth and reproductive traits (both continuous and categorical). For continuous traits of calves, a slight cubic response (P < 0.01) described the dynamics of birth weight, 205-d BW, and 365-d BW across years. For categorical traits of females, positive linear trends (P < 0.05) across years were observed in percent pregnant as yearlings, calved at 2 yr of age, and first-calf heifer rebreeding (slopes ranged from 0.007 to 0.014%/yr). Autumn cow BW increased gradually until 1997 (509 kg ± 8.8) and then decreased gradually by 0.6 kg/yr, whereas pregnancy percentage decreased gradually until 1995 (78.4% ± 1.0) and then increased slightly by 0.2%/yr. A quadratic effect best described the dynamics of these 2 variables across years (P < 0.01) as well as estimates describing the growth curve of each cow. Specifically, asymptotic BW and age increased (P < 0.05) from 1972 to 1983 and 1990, respectively. Asymptotic age then decreased by 27% from 1983 to 1996 (P < 0.05). The maturing rate index was negatively correlated with age at first calving and calving interval (r = -0.42 and -0.18, P < 0.01), which suggested that early-maturing cows had enhanced fertility in this environment and production system. In summary, minimal changes were observed in measures of growth in bulls and heifers in a Brangus herd managed in the Chihuahuan Desert. Opposing relationships were observed among measures of cow size and fertility; as growth curves shifted toward earlier maturity, measures of reproductive performance suggested that fertility improved.
INTRODUCTION
Sustaining beef cattle production systems on rangelands such as the Chihuahuan Desert is challenging. Bos indicus-influenced cattle appear favorable to British-Bos taurus cattle in these types of environments because heterosis helps them accommodate to high ambient temperature and poor forage quality conditions (Winder et al., 1992; O'Rourke et al., 1995a,b,c) .
Differences in body size and milk production in cattle result in different nutrient requirements for growth and reproduction (Arango and VanVleck, 2002; MacNeil, 2005; Calegare et al., 2009) . Because of the relationship between body size and estimates of efficiency, variables Growth characteristics, reproductive performance, and evaluation of their associative relationships in Brangus cattle managed in a Chihuahuan Desert production system 1 associated with mature BW and age were developed (e.g., asymptotic age and BW; López de Torre et al., 1992; Kaps et al., 1999 Kaps et al., , 2000 Kratochvilova et al., 2002) . Understanding factors that affect rate of maturity could thereby help identify the optimal genetic types needed for beef cattle production in specific environments and systems. Since the late 1970s, the beef cattle inventory in the United States has decreased while the annual quantity of beef produced has increased, suggesting that cow size increased coincident with larger beef carcasses (Hughes, 2001 ). This trend may not be advantageous for beef cows grazing arid and semiarid rangeland because optimal biological efficiency was observed in cows that were moderate in both BW and stature (Kattnig et al., 1993) . Winder et al. (2000) reported similar findings in heat-tolerant composite breeds evaluated in the Chihuahuan Desert. Our goal was to learn more about factors influencing the performance of beef cattle managed in arid-land production systems. Specifically, the first objective was to evaluate trends in growth characteristics and reproductive performance in a Brangus herd managed in a Chihuahuan Desert production system from 1972 to 2006. A secondary objective was to evaluate relationships between growth characteristics and reproductive traits in this herd.
MATERIALS AND METHODS
Animals were handled and managed according to Institutional Animal Care and Use Committee guidelines.
Experiment Station Objectives and Cattle
The New Mexico State University (NMSU) Brangus breeding program was established in 1966, and herd registration with the International Brangus Breeders Association began in 1979 at the Chihuahuan Desert Rangeland Research Center (CDRRC). The CDRRC is composed of extensive rangeland containing 19 pastures with an average size of 1,249.7 ± 222 ha. The 74-yr mean annual precipitation is 234 ± 11 mm. The experimental objective for this herd from 1966 to 1987 was to study crossbreeding and biological efficiency (Winder et al., 1992; Kattnig et al., 1993) . Subsequently, heat-tolerant composite breeds of Brangus, Barzona, and Beefmaster were evaluated for desert rangeland performance and diet selection characteristics (1988 to 1996 De Alba-Becerra et al., 1998; Winder et al., 2000) . From 1997 through 2009, the research objective was to enhance knowledge of physiological genetics and performance by cattle in a desert production system, which included grazing distribution Shirley et al., 2006; Thomas et al., 2007a,b; Garrett et al., 2008; Bailey et al., 2010) .
Spring-born calves were tagged and weighed shortly after birth and were branded and vaccinated for clostridial diseases at approximately 60 d of age. Calves were fall weaned at approximately 205 d, except when drought forced early weaning. Some limited culling (approximately 10% of each calf crop) occurred at weaning on the basis of unfavorable birth (>45 kg) and weaning (<181 kg) weights, conformation, disposition, and bull calf sheath score.
From 1972 to 1987, heifer development consisted of grazing rangeland at the CDRRC from weaning to exposure to first breeding as yearlings. After these years and during the years of 1988 to 2006, weaned heifer calves were transported approximately 35 km to the NMSU campus farm each autumn for evaluation of postweaning BW gain, as described by Lopez et al. (2006) and Shirley et al. (2006) . Similarly, weaned bulls were transported to the NMSU campus farm and evaluated in a postweaning BW gain test using the procedures described by Thomas et al. (2002 Thomas et al. ( , 2007b and Garrett et al. (2008) , which involved feeding the bulls to achieve a BW gain of 1.6 kg/d. Postweaning BW gain evaluations ended when cattle were approximately 365 d of age. Sire selection and heifer replacement decisions were based primarily on growth performance before 1997; however, after 1997, these decisions included fertility records of the dams that grazed at the CDRRC, growth rate, and carcass trait genetic merit, which was derived from ultrasound measures. Growth trait EPD information and familial diversity (i.e., effort to minimize inbreeding) were also used as selection criteria. Breeding values of AI and natural-service sires from this breeding program are described in Table 1 . Four of the AI sires were derived from this breeding program and had records for natural-service mating. On average, 18 ± 2.3% of the females were mated using AI each year; this value was small because of the limited ability to gather the cows from extensive rangeland and apply estrous synchronization procedures.
Heifers were estrous synchronized and artificially inseminated (approximately April 15) based on estrus detection, and then transported from the campus farm to the CDRRC for natural-service breeding to calvingease sires (i.e., International Brangus Breeders Association birth weight EPD <0.5 kg). For calving as 2 yr olds, heifers were returned to NMSU, where they were pen-fed a mix of alfalfa and sudangrass hay during the months of February, March, and April. This management system allowed students to assist with dystocia when necessary. After calving, these females were estrous synchronized and bred by AI to the sires described in Table 1 . After this procedure, they were again returned to the CDRRC for grazing and naturalservice mating. Cows were used in various grazing studies throughout their lives (Winder et al., 1992 (Winder et al., , 2000 Beck et al., 2007; Khumalo et al., 2007; Thomas et al., 2007a) . Body weight and BCS data (range: 1 = emaci-ated, and 9 = obese) were collected each autumn at weaning and the weaning percentage was determined.
Natural-service breeding was from May 1 to August 1 each year in all ages of females grazing at the CDRRC. The breeding season of mature cows was preceded by estrous synchronization and AI in pastures and groups of cows that were accessible in this extensive grazing environment. Pregnancy percentage was determined by rectal palpation for heifers and cows at least 60 d after the end of each breeding season. First-calving data were collected and used to calculate age at first calving. These data were also used to determine the percentage of heifers that calved at 2 yr of age. The difference in days between the first and second calving dates was reported as the calving interval. Before 1997, cows were culled from the herd if they failed to become pregnant after a second breeding season. After 1997, any female not pregnant at the time of autumn pregnancy palpation was culled.
Nutritional management at the CDRRC included protein supplementation of approximately 30% CP and 70% TDN on a DM basis during peak lactation (March 1 to May 1; 0.9 kg/cow per day), followed by a lowprotein, high-energy supplement of approximately 17% CP and 79% TDN fed on a DM basis after May 1 until the beginning of summer rains (i.e., approximately July 1), which initiated forage growth. These supplements and feeding strategies were initially described by Obeidat et al. (2002) , and the supplements were purchased each year from local companies willing to provide competitive price bids for the feeds. Annual precipitation from 1972 to 2006 was 265 ± 13 mm, and stocking rate was 0.03 ± 0.01 animal unit/ha, which was a target forage use amount of ≤30% unless grazing experimentation required heavier use (Winder et al., 1992 (Winder et al., , 2000 Beck et al., 2007; Khumalo et al., 2007; Thomas et al., 2007a) . Forage composition and fecal nutrient composition for these native rangelands were described by De Alba Becerra et al. (1998) , Obeidat et al. (2002) , and Bailey et al. (2010) . Typically, perennial grasses ranged from 3 to 5% CP during dormancy and from 6 to 10% CP during the growing season (e.g., DM basis). The NDF and ADF values averaged approximately 59 ± 3.0 and 36 ± 2.0%, and approximately 62 ± 6.2 and 32 ± 3.2% during these seasons, respectively. Nutrient composition of forbs was extremely variable on these rangelands, depending on the pattern of rainfall. If the typical precipitation did not begin by August 1 (drought ≤50% normal precipitation), calves were early weaned in August or September rather than in October. This procedure was implemented in 1973, 1975, 1989, 1994, 1995, 2001, 2002, and 2003 to prevent excessive grazing of grasses and other forage and to ensure sustainability of the rangeland condition.
Data and Traits
The data evaluated in this study were collected from 1972 through 2006, which included records of weaned bull and heifer calves, and mature cows. From 1972 to 1987, the Brangus herd was used for crossbreeding studies (Winder et al., 1992) ; therefore, in the current study, analyses of developing bull (n = 597) and heifer (n = 585) data included only the years from 1988 to 2006, when postweaning BW gain tests were conducted at the NMSU campus farm. These data included birth weight, 205-d BW, and 365-d BW, which were adjusted for age and age of dam (Beef Improvement Federation, 2006) . The ADG was calculated for bulls and heifers as the difference between initial and final BW divided by the number of days (approximately 112 d) in the postweaning growing program. Breeding soundness exams were completed on the bulls at the end of the postweaning BW gain tests, which included measurements for the trait scrotal circumference. Cow data included BCS, BW, and pregnancy percentage, which were collected each autumn via rectal palpation. Growth curve parameters (e.g., asymptotic BW, asymptotic age, and maturing rate index) were calculated for each cow. These estimates describe the locations on a growth curve where the animal reached maturity and the rate it took for the animal to reach maturity.
Reproductive information from heifers included the binary traits of pregnant as a yearling, calved as a 2-yrold heifer, and primiparous cows that rebred (1 = yes, 0 = no). These traits were reported as percentages on a herd-wide basis, as were these types of traits in cows (i.e., pregnancy, calving, and weaning). Two numeric traits, age at first calving and calving interval (i.e., number of days between the first and second calving of a heifer), were also recorded. Dystocia scores, using the Guidelines for Uniform Beef Improvement Programs (Beef Improvement Federation, 2006; 1 = no assistance, to 5 abnormal presentation), were recorded from 1972 to 2006. Average scores were 1.01 ± 0.01 (n = 684); however, because there was so little dystocia, and subsequently limited variability in the scores, these data were not subjected to statistical analyses. Nonlinear logistic functions (PROC NLIN; SAS Inst. Inc., Cary, NC) were used to estimate growth curve parameters of each cow, using 6 yr of data and the procedures of Kaps et al. (1999 Kaps et al. ( , 2000 and Kratochvilova et al. (2002) . In brief, asymptotic BW, an estimate of the BW at which the growth curve of a cow reached its asymptotic point, was calculated with the formula W t = A/(1 + b 0 e −kt ), where W t is BW at a given time (t) in years, A predicts asymptotic BW, b 0 is the scaling parameter relating BW at time t = 0 (i.e., at birth) to mature size, e is the natural logarithm base, and k is the curve parameter of the ratio of maximum growth rate to mature size. The variable k is described herein as the maturing rate index. Asymptotic age, which was used to describe the age at which a cow reached 99% of mature BW, was calculated with the equation 1/k{ln b − ln [(0.99 
Statistical Procedures
Statistical analyses were completed with SAS software. The MEANS procedure was used to compute arithmetic means ± SE of continuous traits. Normality of data distribution and equality of variances of these traits were evaluated using PROC UNIVARIATE, the Levene test, and PROC GPLOT, respectively. Binary trait percentages were calculated using PROC FREQ.
Bull and Heifer Trait Analyses. Mixed-effects models in PROC MIXED were used to determine whether continuous dependent variables regressed against year (i.e., 1988 to 2006) fitted linear, quadratic, or cubic trends. Dependent variables (continuous traits) were birth weight, 205-and 365-d BW, ADG, age at first calving, calving interval, and scrotal circumference. Logistic regression using PROC GLIMMIX was used for similar analyses for the binary traits pregnant as yearling, calved as 2-yr-old heifer, and primiparous cow that rebred, which were expressed as percentages. These traits were also evaluated within PROC MIXED to obtain polynomial equations synonymous with the outputs from analyses of continuous traits. The statistical model included the fixed effect of year (from 1988 to 2006) , the covariate effect of nominal day of birth (i.e., birth date), the fixed effect of age of dam categories (Beef Improvement Federation, 2006;  i.e., 2, 3, 4 to 10, or 11 yr and older), and the random effect of sire. Year was coded with the formula year = calendar year − 1900 because of the limit-central theorem, which arises when the second derivative of the polynomial vanishes at maximum or greater levels of n.
To determine the most descriptive term for a trait regressed against year, the model was executed sequentially with each of these codes: linear = year, quadratic = year × year, and cubic = year × year × year. The higher order term was chosen based on significance (P < 0.05) of the Type I error test. Means ± SE of each variable were calculated with least squares procedures. These procedures were also executed for the following cow trait and growth curve analyses.
Cow Trait Analyses. Mixed-effect models in PROC MIXED and PROC GLIMIX for predicting continuous and binary traits were used to analyze changes across time (i.e., 1972 to 2006) for autumn cow BW and pregnancy percentage. The model included the fixed effects of year (1972 to 2005) , the covariate BCS, age at the time of measurement in days, and the random effect of sire. Grazing treatment was also tested as a source of variation in this model; however, it was not significant and was therefore omitted (Beck et al., 2007; Thomas et al., 2007a) . Year was coded with the following formula: year = calendar year − 1900. When regression analyses revealed a quadratic trend with year, the first derivative was used to estimate the maximum or minimum of the curve. Specifically, for f(x) = ax 2 + bx + c, setting the first derivative, f′(x) = 2ax + b, to zero produced the year, x = −b/2a, at which the minimum or maximum response was achieved. Finding f(year maximum ) or f(year minimum ) then provided the estimate of the maximum or minimum mean.
Analyses of Cow Growth Curve Traits. Because of the limited number of purebred Brangus cows in the early years of this study, data were pooled into groups of cows born from 1972 to 1976, 1977 to 1980, 1981 to 1984, 1985 to 1988, 1989 to 1992, and 1993 to 1996 . Cow numbers included in each of these groups averaged 87.5 ± 8.8. In addition, cows born after 1996 were omitted from these analyses because of the limited numbers of cows available after destocking this experiment station during a drought from 2001 to 2003. A mixed model in PROC MIXED was used to evaluate trends across years in asymptotic BW, asymptotic age, and maturing rate index. The model included the fixed effect of year groupings from 1972 to 1996 and the random effect of sire. The linear, quadratic, and cubic effects of year were tested as described in previous sections, and derivative calculations using the quadratic function were estimated when appropriate.
Correlation Analyses. To further evaluate associative relationships among continuous traits within each class of animals, residual correlations were computed using the procedures of Bailey et al. (2001) and VanWagoner et al. (2006) . The RESIDUAL option within PROC MIXED was used to compute the deviance from the mean of each value for each animal and trait, using the models described previously. Correlations were then estimated using these residual results and the Pearson correlation with PROC CORR. The associations among estimates of cow growth curve parameters and primiparous cow reproductive traits were also estimated with this procedure.
RESULTS
Arithmetic means ± SE of performance and reproductive traits in bulls and heifers from 1988 to 2006 are reported in Table 2 . This table also includes BW, BCS, reproductive and weaning traits, and descriptors of the growth curve from cows born from 1972 to 2006. Arithmetic means ± SE of autumn BW, BCS, and pregnancy percentage in cows by age classification are shown in Table 3 .
Bull and Heifer Trait Analyses
Year, numeric day of birth within a year, age of dam, and sire were important (P < 0.05) sources of variation in predicting performance and reproductive traits in developing bulls and heifers. A slight cubic response (P < 0.05) across years was observed in the traits evaluated, with values typically declining from the mid-1990s to 2000 and increasing by 2006 (Figures 1 and 2 ; note the years described as drought and the regression equation Table 2 . Number of observations and arithmetic means ± SE for performance and reproductive traits in Brangus bulls, heifers, and cows managed in a Chihuahuan Desert beef production system Performance trends in desert Brangus cattle in the panel of each trait). In contrast, calving interval decreased linearly by approximately 60 d across years (P < 0.01; Figure 2 ). For categorical heifer traits, a positive linear trend was observed across years for the traits pregnant as yearling (P < 0.01), calved as 2-yrold heifer (P < 0.05), and primiparous cow that rebred (P < 0.05; Figure 3 ). Regression coefficients suggested these trait levels increased by 1.4, 0.7, and 1.1% each year from 1988 to 2006.
Cow Trait Analyses
Year, BCS, age at measurement, and sire influenced variation (P < 0.01) in autumn BW and pregnancy percentage in cows. Autumn BW gradually increased from 1972 until 1997, reaching a maximum BW of 509.5 kg, and then gradually decreased by 0.6 kg/yr through 2006 (Figure 4) . Pregnancy percentage decreased gradually from 1972 until 1995 to a minimum of 78.4%, and then increased slightly by 0.2%/yr through 2006. A quadratic effect (P < 0.01) was the best-fitting descriptor of these traits across years (Figure 4) . Similar results were observed when these analyses were computed in cows that were 3 yr of age (data not presented).
Analyses of Cow Growth Curve Traits
Year groupings and sire were significant (P < 0.05) sources of variation in the mixed model analyses of asymptotic BW, asymptotic age, and maturing rate index. Asymptotic BW increased gradually from 1972 until 1990 (P < 0.01), reaching a maximum of 572.4 kg and then becoming static through 1996. Asymptotic age increased gradually from 1972 until 1983 (P < 0.05), reaching a maximum of 4.0 yr and then decreasing to 2.9 yr (approximately 27.0%) through 1996. A quadratic effect described the phenotypic trends across years for asymptotic BW and asymptotic age ( Figure  5 ). Maturing rate index increased quadratically across years (P < 0.05) from a ratio of 1.5 to 2.2 ± 0.2 in heifers born on or before 1985 relative to heifers born on or after 1986; larger values for the maturing rate index reflect earlier maturity.
Correlation Analyses
Residual correlation analyses suggested moderate positive associations (P < 0.01) among BW traits and scrotal circumference in developing bulls (Table 4) . Similar associations (P < 0.01) were observed among growth traits in females, which included asymptotic BW (Table 5) ; however, moderate negative associations (P < 0.01) were observed among traits describ- Performance trends in desert Brangus cattle ing postweaning BW gain and asymptotic age. Moreover, negative associations (P < 0.01) were detected among the variables asymptotic BW, asymptotic age, and maturing rate index. In young females, age at first calving was negatively and moderately associated with asymptotic age, maturing rate index, and 365-d BW. This type of relationship was also detected for calving interval and maturing rate index (Table 6 ).
DISCUSSION
Our first objective was to analyze phenotypic trends across years in growth characteristics and reproductive performance in Brangus cattle managed in a Chihuahuan Desert production system from 1972 to 2006. Cattle were managed exclusively on rangeland from 1972 to 1988 (Winder et al., 1992) . In 1988, bull and heifer These trait levels were greatly influenced by year, which was most likely a result of extremely dynamic seasonal rainfall amounts influencing forage production and range conditions. Excessive rainfall or drought in the Chihuahuan Desert can influence forage production for several consecutive years; thus, decreased animal growth rates in drought years were expected and observed in association with reduced forage quantity and quality. These years were identified, and the reports of Winder et al. (2000), Beck et al. (2007) , (Khumalo et al. (2007) , and Thomas et al. (2007a) describe the relationships between rainfall dynamics, forage production, and cattle performance in the Chihuahuan Desert. Trends across years in growth traits in these Brangus cattle were minimal relative to a multibreed producermanaged bull test facility in Tucumcari, NM (Garcia et al., 2004; Decker et al., 2008) ; however, data used in the current study were collected each year from all animals within this Chihuahuan Desert experiment station herd, whereas data collected from this public bull test facility were compiled each year from a few selected bull calves from numerous seed stock herds in New Mexico and surrounding states. The EPD of the sires used in this Brangus herd were included so that the level of genetic merit can be understood relative to the base EPD level of Brangus cattle established in 1973. It should be noted that sire was a significant source of variation in many of the analyses conducted. Given the relatively large growth EPD values of sires used in the breeding program, the harsh environmental conditions at the CDRRC may have limited improvement in phenotypic measures of growth. This observation warrants further study of these data, particularly an evaluation of genetic improvement relative to phenotypic trait expression.
Results from the Tucumcari Bull Test suggested that birth weight was relatively static from 1961 to 2000 (Garcia et al., 2004) . Because the cattle in these studies were from extensive rangeland production systems, genetic selection decisions probably placed considerable emphasis on the need for cows to calve without assistance. There is evidence to suggest that selection for decreased birth weight and increased yearling weight can improve production efficiency through enhanced maternal performance (MacNeil et al., 1998 (MacNeil et al., , 2000 . The incidence of dystocia was minimal in the Brangus cattle of the CDRRC, and other measures of heifer fertility exhibited improvement (i.e., pregnancy, calving, rebreeding percentage, and calving interval). Reports by Reynolds et al. (1991) , Colburn et al. (1997) , and Freetly and Cundiff (1998) described collateral observations of reduced dystocia and improved rebreeding rate in heifers or young cows; however, a slight increase in age at first calving was observed in the present study. Because the breeding season of this herd was 90 d, a slight increase in age at first calving could occur with minimal detrimental effects on other measures of fertility.
Improvement in the traits describing heifer fertility were expected and observed in this herd after 1997 because selection and management required heifers to become pregnant as yearlings and each year thereafter. Nonetheless, improvement in primiparous cow rebreeding success was expected to be difficult because of the challenges of grazing desert rangeland (Hawkins et al., 2000; Winder et al., 2000; Beck et al., 2007) , despite the fact that 2-yr-old heifers had their first calf in a pen-fed management system after 1988. Approximately 20% of the cows from 3 to 10 yr of age were culled each year. As a result of the nutritional challenge in the grazing environment, cow longevity was probably less than expected for Bos indicus-influenced cows in tropical and subtropical production systems (Thrift and Thrift, 2003; Chase et al., 2005; Sanders et al., 2005) ; however, results were similar to reports involving these types of cows grazing other arid landscapes (O'Rourke et al., 1995a,b,c; Holloway et al., 2005) . It should also be noted that it was challenging for this herd to achieve a pregnancy percentage greater than 90%, even though mean BCS appeared acceptable (approximately 5.0 on a scale of 1 to 9) in each class of cow. These results are likely a function of challenging grazing conditions, which can involve exposure to the various toxic plants that exist on these desert rangelands (Pieper, 1989; Cox and Ross, 2002) . Our results parallel those from various commercial beef production systems (Dargatz et al., 2004; Minick Bormann et al., 2006) . Slight opposing trends in autumn cow BW and pregnancy percentage were observed in this arid rangeland production system. These results agree with those of Kattnig et al. (1993) , whose data were also collected at this Chihuahuan Desert experiment station, and support the concepts presented by López de Torre et al. (1992) , Arango and Van Vleck (2002), and Calegare et al. (2009) , which suggested that a larger body size decreased cow productivity. Similarly, Forni et al. (2009) suggested that selection for faster growth increased mature size and decreased reproductive rate, which increased maternal cost per animal slaughtered. A noteworthy observation was the somewhat cyclic nature of the pregnancy percentage data underlying the quadratic response curve. This was most likely due to the influence of rainfall on forage production and subsequent animal performance in the Chihuahuan Desert, where an extremely high or low amount of precipitation in a specific year can influence range conditions for several subsequent years (Winder et al., 2000; Beck et al., 2007; Khumalo et al., 2007; Thomas et al., 2007a) .
Because of the need to study the effects of cow BW on various efficiency traits, fertility traits, or both, procedures to estimate asymptotic age and BW were developed by Kaps et al. (1999 Kaps et al. ( , 2000 and Kratochvilova et al. (2002) . These estimates describe BW and age at maturity via analysis of a growth curve. After 1983, there was a steep decrease in asymptotic age, which suggests cows matured at younger ages after this year in the current study. This trend was most likely a consequence of the selection criterion, such as enhanced performance in the postweaning BW gain test, increased yearling heifer pregnancy percentage, or selection for enhanced measures of ultrasound carcass fat at 365 d of age. The management decision in 1997 to begin culling all cows each year that failed to conceive that season also may have indirectly placed selection pressure on early maturity.
Evaluation of the associative relationships between BW traits and reproductive performance was our second objective. In developing bulls, residual correlations were observed among growth traits and scrotal circumference, which was expected based on previously reported data from this region of the United States Garcia et al., 2004) ; however, ADG was not strongly correlated with BW traits (e.g., 205-and 365-d BW) across years because these bulls were fed to gain 1.6 kg/d each year. Increased scrotal circumference historically has been associated with improvements in male and female fertility traits (Martin et al., 1992; Patterson et al., 1992; Kastelic et al., 2001; Brito et al., 2007) . Nonetheless, it appears that genetic improvement in scrotal circumference has decreased the variation associated with age of puberty and made these relationships difficult to detect (Martínez-Velázquez et al., 2003; Shirley et al., 2006) .
Residual correlation analyses from heifers and cows revealed moderate positive associations among BW traits (e.g., birth weight, 205-and 365-d BW) and moderate to high associations among these traits and measures of cow size (e.g., autumn BW and asymptotic BW). These relationships were expected (Kaps et al., 1999 (Kaps et al., , 2000 Garcia et al., 2004) . Inverse relationships were observed among measures of maturity and young female rebreeding traits, such as age at first calving and calving interval, suggesting improved fertility for a primiparous cow that achieved maturity quickly. This observation appears inverse to studies of Bos indicus females selected and managed for increased yearling weight in tropical environments (Cooke et al., 2008; Shiotsuki et al., 2009 ).
Several studies have reported significant correlations between estimates of growth curve parameters and reproductive traits in cattle (Beltrán et al., 1992; Menchaca et al., 1996; Bayram et al., 2004; Nesetrilova, 2005) . Results indicated a negative association between the maturing rate index and the young cow reproductive traits age at first calving and calving interval, suggesting that early-maturing cows were younger at first calving and had shorter calving intervals, both indicators of improved fertility. In addition, females with greater 365-d BW had improved age at first calving. These results may seem contradictory to the positive relationship of 365-d BW and asymptotic BW; however, because this trait was negatively associated with asymptotic age, growth curves of these Brangus cattle seem to have shifted toward earlier maturity.
Results of our study with data from 1972 to 2006 suggest that Brangus cattle managed in a Chihuahuan Desert production system had slight changes in growth performance in bulls and heifers, with improvement in traits related to heifer puberty. As cow size increased, pregnancy percentage tended to decline. Growth curves of Brangus cows grazing this arid rangeland shifted toward an earlier age at maturity, which was associated with enhanced fertility in young cows.
